ways, one of which is anomia, or difficulty with naming objects. It is evident during spontaneous speech, confrontation naming, verbal fluency, and numerous other tasks (Nebes, 1989) . Anomia may not, however, be entirely due to loss of semantic memory for the item in question but may reflect difficulties in access and/or retrieval of stored information. To establish that information about an item is lost, rather than just inaccessible or irretrievable, errors should be consistent, they should not be semantically related to the item, and the item should not be able to facilitate, or prime, responses to other items (Warrington & Shallice, 1979) .
The consistency of errors lends support to the notion that knowledge about specific items is lost, not simply inaccessible. If knowledge about an item is lost, then it should not be retrievable with any type of task or any type of measurement modality. That is, if knowledge is completely lost, not only will it be incorrectly recalled, it should also be incorrectly recognized. This pattern should be consistent across measurement modalities; if there is behavioral evidence of loss, there should be neurophysiological evidence as well. If an item is correctly identified on one test, there is a high probability that it will be correctly identified on other types of tests; and conversely, if not correct on one test, there is a low probability that it will be correct on other tests (Huff, Corkin, & Growdon, 1986) . Other researchers, however, have reported that information that appears lost when accessed directly can be retrieved if accessed indirectly (Fleischman et al., 1995; Ober & Shenaut, 1995; Schacter, Chiu, & Ochsner, 1993) . This type of finding supports the notion that knowledge is not lost but that its typical access route has become inaccessible or unreliable.
The extent to which errors are semantically related to the correct response can also provide clues about whether knowledge is lost or only inaccessible. For example, when AD patients are confronted with an object they cannot name correctly, they often respond with a high-frequency, within-category object (e.g., saying "duck" when presented with a picture of a swan) or provide the name of a superordinate category (e.g., "bird"; Martin & Fedio, 1983) . Not only do these errors suggest that the failure is not perceptually based (they can see that it is a bird), but these errors also imply that semantic knowledge about the object is not entirely lost. For example, superordinate errors suggest that semantic knowledge is hierarchically organized and that AD affects this knowledge from the bottom up. Errors are also more likely for objects that are less familiar and less typical representatives of a category. Though error analysis can help to differentiate between anomia resulting from loss of knowledge and anomia reflecting deficient access to that knowledge, some investigators have claimed that error analysis alone is not sufficient to distinguish between these alternatives (Hodges & Patterson, 1995; Nicholas, Obler, Au, & Albert, 1996) .
An alternative to the extreme hypothesis that knowledge about items is either lost or not lost is a more moderate hypothesis that knowledge is simply degraded (Martin, 1992) . Thus, partially degraded knowledge might be sufficient to support performance on a simple task in which there is contextual and environmental support or when knowledge is assessed implicitly, but not on a more difficult task lacking such aids or when knowledge is assessed explicitly. This is a reasonable hypothesis for the anomia experienced by AD patients, a disease that is characterized by slow neural deterioration rather than by focal lesions.
One of the most commonly used indirect tests of semantic memory is priming, the process by which an item (target) preceded by the same or a semantically related item (prime) has a processing advantage over an unprimed item. Priming is often demonstrated when the prime and the target are from the same modality (e.g., both visual) or the same form (e.g., both words), although crossform priming has also been demonstrated (e.g., a picture prime and a word target) Kazmerski, Friedman, & Hewitt, 1995; Kazmerski, Friedman, & Ritter, 1997) . Cross-form priming is particularly useful for testing patients with AD who have difficulty with confrontation naming because it allows pictures to be used as primes and written words to be used as targets (Margolin, Pate, & Friedrich, 1996) . Margolin et al. found that whereas both mildly and very mildly affected AD patients, classified by the Clinical Dementia Rating scale (Hughes, Berg, Danziger, Cohen, & Martin, 1982) , showed large deficits in memory assessed explicitly, only the mildly affected patients showed picture-word priming deficits.
Recently, event-related brain potentials (ERPs) have proved useful in assessing priming. ERPs are changes in the brain's electrical activity, electroencephalogram (EEG) , that are time locked to external stimuli or responses. ERPs allow a continuous, millisecond-to-millisecond assessment of brain activity related to sensory, cognitive, and motor processing. Stages of processing can be identified by analysis of the various peaks and troughs (components) in the ERP waveform. As opposed to most performance measures that are discrete and delayed with respect to the neural events of interest, ERPs provide an immediate and continuous record of the neural processes associated with evaluating a stimulus, whether or not a response is made. ERPs can be recorded not only to the target, thereby augmenting behavioral data, but also to the prime, which is not typically associated with a behavioral response.
The N400 component of the ERP is a negative-going component occurring about 400 ms after a semantically unexpected sentence final word (Kutas & Hillyard, 1980b) . N400 can be elicited to written (Besson, Kutas, & Van Petten, 1992) or spoken (Anderson & Holcomb, 1995; Ford et al., 1996; Woodward, Ford, & Hammett, 1993 ) words presented in sentences or lists, and its amplitude is inversely related to the degree of semantic expectancy. Less expected (unprimed) words elicit more negative N400s than semantically congruous (primed) words (Bentin, 1987; Bentin, McCarthy, & Wood, 1985; Kutas & Hillyard, 1984) . The amplitude difference between N400s elicited by unprimed and primed targets represents the N400 priming effect. N400 may be directly related to the effort required to integrate a word with its context (Holcomb, 1993; Rugg & Doyle, 1994) . N400 has been elicited by unexpected words in many different tasks: reading sentences silently while trying to make sense of them (Ganis, Kutas, & Sereno, 1996) ; reading or listening to sentences in preparation for answering questions about them later (Ford et al., 1996; Nigam, Hoffman, & Simons, 1992; Van Petten, Kutas, Kluender, Mitchiner, & Mclsaac, 1991) ; making overt yes or no decisions about whether or not a word matches the previous context (Barrett & Rugg, 1990; Friedman, Hamberger, Stern, & Marder, 1992; Hamberger, Friedman, Ritter, & Rosen, 1995; Pratarelli, 1994; Rugg, 1984) ; and performing a task unrelated to the priming manipulation, such as indicating whether or not an object is real (Holcomb & McPherson, 1994) . When the unprimed word is infrequent, or even a target, it may also elicit a P300, a positivegoing component, usually occurring 300-600 ms after an infrequent stimulus. To the extent that N400 and P300 co-occur, it is important to demonstrate that these components can be dissociated experimentally and reflect independent processes. Evidence exists for their independence based on differential sensitivities to experimental manipulations (Bentin, 1987; Bentin et al., 1985; Friedman, Putnam, Ritter, Hamberger, & Berman, 1992; Kutas & Hillyard, 1980a ) and scalp topographical differences (Rugg, 1984) . Although scalp distribution differences have traditionally been used for within-group analyses, to identify different ERP components that emanate from different intracranial sources, they may also be used for between-groups analyses, to detect the involvement of different neural structures invoked during performance of the same task by different groups of participants .
ERPs have also been recorded in cross-form priming studies of healthy controls (Connolly, Byrne, & Dywan, 1995; Ganis et al., 1996; Holcomb & McPherson, 1994; Nigam et al., 1992) . Similar N400 priming effects have been found for both word and picture targets following cross-form primes, though with differences in scalp topography that suggest dissociation of neural systems underlying processing of words and pictures.
Several investigators have used the N400 to assess cognitive processing in dementia (Castaneda, Ostrosky-Solis, Perez, Bobes, & Rangel, 1997; Ford et al., 1996; Hamberger et al., 1995; Iragui, Kutas, & Salmon, 1996; Ostrosky-Solis, Castaneda, Perez, Castillo, & Bobes, 1998) . Some interpret N400 responses in AD patients as evidence of breakdown in the structure and organization of semantic memory (Castaneda et al., 1997; Ostrosky-Solis et al., 1998) or of less efficient processing and integration of lexical items with semantic context (Iragui et al., 1996) ; however, others point out that N400 findings provide evidence of at least some preserved capacities in AD patients (Ford et al., 1996; Hamberger et al., 1995) .
In the current study, we sought to identify not only age-and dementia-related priming deficits but also whether N400 amplitude can reflect specific semantic memory failures for objects that individual AD patients cannot name. To enhance the likelihood of detecting AD-related deficits in priming, we used a picture-name verification task because AD patients have more difficulty with naming pictures than reading words. To further increase priming difficulty, all targets (whether matches or nonmatches) were from the same category as the prime (Martin & Fedio, 1983) . We identified specific objects that could and could not be named by AD patients on a pretest picture-name confrontation task in order to assess the effects of knowledge on ERP and behavioral responses.
The following questions were asked: 1. Does the amplitude or scalp distribution of neural responses to words primed by pictures differ as a function of aging or dementia? If so, we would assume age-or dementia-related differences in access to, or integrity of, semantic networks.
2. Is the N400 priming effect (the difference between nonmatch and match) smaller for target words following pictures of objects that were not named correctly in AD patients? If so, this would suggest that knowledge about the pictures that could not be named correctly was degraded to the point that it could not prime responses to words. If the N400 priming effect was similar for pictures that could not be named correctly, this would suggest some spared knowledge about them.
Method

Participants
Demographic data are presented in Table 1 . Thirteen young adults (5 men and 8 women), 13 elderly adults (5 men and 8 women), and 13 patients with probable Alzheimer's disease (5 men and 8 women) participated. None of the AD patients had a legally appointed conservator. Caregivers of the AD patients were informed and gave their assent, but all participants, including the AD patients, were able to give their own consent to participate in the study. Age (p < .83) and education (p < .60) differences between the elderly and the AD patients were not significant. Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) score differences were significant (p < .0001). The vision of all participants was corrected to normal. All participants were right-handed, except 1 young control participant who was left-handed, by self-report.
Controls. Healthy controls were recruited and screened by telephone interview and questionnaire to exclude those with a history of significant psychiatric or neurological disease, abuse of alcohol, or recent use of psychoactive drugs or other drugs with significant central nervous system (CNS) effects.
Patients. The AD patients were drawn from a pool of patients evaluated at the Geriatric Psychiatry Research Unit and the National Institute of Mental Health Dementia Clinical Research Center of the Palo Alto Veterans Affairs Health Care System. All patients included in this analysis met the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) work group criteria for probable AD (McKhann, Drachman, Foistein, & Katzman, 1984) . Because many of these patients have been followed longitudinally, they were classified for the present study according to their most recent diagnoses, made within a year of the study. Patients with diagnosable neurological disorders, other than AD, or acute medical conditions were excluded. The elderly controls and AD patients used similar medications, including estrogen replacement therapy, diuretics, antihypertensives, nonsteroidal anti-inflammatory drugs, and angina medications. Although none of the medications were considered to have major CNS side effects, some CNS side effects may have been present. One AD patient was taking Donepezil, a prescription drug believed to enhance cognitive performance. Performance of this patient fell within the ± 1 SD range of the entire group.
Materials
Line drawings (n = 120) from a standard corpus (Snodgrass & Vanderwart, 1980) were pilot tested with 10 young adults to establish nameability. From this test, 102 drawings were selected and then classified into 12 natural categories, each with a different number of items, dictated by their natural frequencies, as follows: clothing =12, utensils = 9, transportation = 8, tools = 5, toys = 6, appliances/furniture = 2, fruit = 6, vegetables = 6, animals = 22, bird = 4, musical instruments = 4, and body parts = 8. Each line drawing was paired with a word that either named the picture (match = 50%) or did not (nonmatch = 50%). Nonmatches were always words in the same category as the picture, with half of the nonmatches being more typical and half being less typical exemplars of the category, based on a median split of norms (Battig & Montague, 1969) . For example, a picture of a camel would be followed by the word Camel in two different blocks, and by Cow (high typical) in another block, and by Fox (low typical) in another block.
Trials were broken into four blocks to allow rest breaks. Each picture was seen four times over the experimental session, but only once per block. In each block, there were equal numbers of matches and nonmatches, and among the nonmatches, there were equal numbers of high and low typicality words. Note. For each group, n = 13. AD = Alzheimer's disease. 11 Maximum score = 30.
Tasks Picture-name confrontation task (without ERPs).
One week before the picture-name verification task, elderly controls and AD patients were assessed for their ability to name the 102 pictures. They were asked to speak the name of the pictured object into a microphone placed directly in front of them. The investigator wrote down the participants' responses. Pictures were presented one at a time for 2 s on a 20-in. (50.8 cm) monitor using a Power PC Macintosh computer. The next picture was presented 500 ms after the response was made.
Pictures named correctly or with a suitable synonym (e.g., "bunny" for "rabbit") were classified correct. Pictures named incorrectly or not named were considered incorrect. Occasionally, patients claimed not to have seen a picture. Trials involving these pictures (<1%) were excluded from knowledge-based analyses.
Picture-name verification task (with ERPs)
. Approximately 1 week later, ERPs were recorded while patients were presented with a picture for 1 s, followed 500 ms later by a word. Participants pressed one button with the preferred hand if the word matched the picture, and they pressed another button with the nonpreferred hand if it did not.
1 The next trial commenced 1 s after a button press. If no response was made within about 10 s, the experiment advanced to the next trial. To help patients remember the association between button and response, we attached a green sticker to the match button and a red sticker to the nonmatch button. Participants were told, You will see a picture followed by a word. If the word matches the picture exactly, press the green button. If the word does not match the picture, press the red button. For example, if you see a picture of an apple followed by the word Apple, then it is an exact match, so you press the green button. If you see a picture of an orange, followed by the word Apple, then they do not match and you press the red button.
Each participant was given as many as three practice blocks with 20 pairs of new items similar to those used in the experiment, during which all key-pressing errors were pointed out and corrected. Typical mistakes involved AD patients believing that related items were matches rather than nonmatches (e.g., Swan-duck). Patients unable to understand the task after 3 practice blocks participated in a different version of the experiment that is not reported here.
One of the investigators sat next to AD patients during ERP recording to monitor performance and to encourage them to continue. They were told that if they realized they had made an incorrect button press response, they should not worry but they should tell the investigator. Approximately 1.8% error corrections were made and noted. These trials were scored as correct in the analysis of the accuracy data. A similar procedure was initiated with the elderly controls but discontinued when it was apparent that their performance did not need to be monitored nor did they need encouragement.
Data Collection
EEC recording. EEC was recorded from the 19 standard 10-20 scalp sites (Jasper, 1958) with linked mastoid reference. Vertical electrooculogram (EOG) was recorded from electrodes placed above and below the right eye, and horizontal EOG was recorded from electrodes placed at the outer canthus of each eye. EEG and EOG were sampled every 5 ms and epoched beginning 100 ms before stimulus onset and ending 1,000 ms poststimulus. Band pass was 0.01 to 30 Hz. Neuroscan System (El Paso, TX) STIM and SCAN software packages were used for stimulus presentation and data acquisition.
EEG data screening. Trials were first subjected to a 0.5-Hz high-pass filter to eliminate slow potential drifts that characterized the data of some of the AD patients and then screened for EOG and EEG artifact. Single trials in which EEG exceeded ±100 /nV were excluded, and remaining trials were individually corrected at each electrode for the effects of eyeblinks and eye movements (Gratton, Coles, & Donchin, 1983; Miller, Gratton, & Yee, 1988) . Because EEG from the far lateral sites was very noisy in about half of the AD patients, only data from the central and close lateral sites (F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4) were included in these analyses. ERP data were not excluded for behavioral errors to allow assessment of neural processing associated with items about which there was considerable uncertainty.
Behavioral data screening. Trials not meeting the ERP screening criteria were excluded from the analysis of the behavioral data, as were trials with reaction times (RTs) exceeding 5 s. This criterion was exceeded on 3% of all trials in the AD patients, but never in the elderly or young adults. Median RTs were assessed in an attempt to minimize the effect of outliers. Regardless of their speed, all responses were considered in the analysis of accuracy. Similarly, responses that were verbally corrected by the participant were also considered in the analysis of accuracy. Button press responses from one AD patient were lost because of equipment failure.
ERP Components
ERPs to pictures (see Figure 1 ) contained a large late negative component, N300, at the frontal central sites, measured as the most negative value between 200-500 ms. ERPs to words were characterized by overlapping components, P300 and N400 (see Figures 2, 3 , and 4). P300 to words was first identified, separately for matches and nonmatches, as the maximum positivity at Pz between 250 and 650 ms for young controls and between 350 and 750 ms for elderly controls and AD patients. These latency windows were defined on the basis of prior knowledge of age-related latency changes in these components (Ford et al., 1996) . P300 amplitudes at each of the remaining eight scalp sites were then derived by calculating the average voltage over a 200-ms epoch centered at its latency at Pz (Pz P300 peak latency ± 100 ms).
N400 to words was first identified in the difference waveforms (AN400) created by subtracting match from nonmatch ERPs for each scalp site, with different latency windows for young controls (200-550 ms), elderly controls (300-650 ms), and AD patients (350-700 ms), based on our earlier findings of age-and dementia-related N400 latency differences (Ford et al., 1996) . The latency of AN400 was used to locate N400 in the match and nonmatch waveforms. N400 amplitude was calculated as the average voltage over a 200-ms epoch centered at the AN400 peak latency (peak latency ±100 ms). Figures 2-4 present overlaid match, nonmatch, and difference waveforms for young controls (Figure 2 ), elderly controls (Figure 3) , and AD patients (Figure 4) . Thus, we used the difference wave form to facilitate N400 identification but measured N400 separately in the match and nonmatch ERPs. The N400 priming effect was revealed as a statistical difference between N400 to matches and nonmatches.
Data Analyses
Two major analyses of semantic priming were performed: The first addressed the effects of aging and dementia, and the second addressed the effects of semantic knowledge. The knowledge analysis was not applied to elderly controls because they named correctly more than 99% of the pictures.
Effects of normal aging and dementia on priming were assessed with an analysis of variance (ANOVA) with grouping factors of age (young vs. The effect of semantic knowledge on priming in the AD patients was assessed by performing separate ANOVAs on data from only AD patients and using experimental factors of matching and knowledge (named correctly vs. not named correctly) and recording site (as detailed above).
Simple main effects of variables were described only if they did not interact with other variables, and in the case of significant interactions, the highest order interaction was always considered first. Interactions were broken down in an attempt to understand the locus of the interaction, sometimes involving sub-ANOVAs and sometimes pairwise comparisons. Huyn-Feldt epsilon corrections were used to evaluate all F ratios for effects involving two or more degrees of freedom.
For ANOVAs yielding significant interactions between the factors of recording site (A-P or laterality) and the other variables for N400 or P300, confirmatory analyses were performed by using data normalized to reflect relative topographic differences independent of absolute amplitude differences. Our goals in these analyses were to use scalp distribution differences to assess the independence of N400 and P300 within a group and to assess the contribution of different neural structures to a given component across groups. Because differences in intracranial source strength, rather than differences in source localization, can masquerade as scalp distribution differences, we eliminated amplitude differences by normalizing the data before assessing scalp distribution effects.
Results
Analyses of Aging and Dementia: Behavioral Data
Aging analyses. Age affected RTs (median), with young controls responding faster (516 ms) than elderly controls (646 ms), F(l, 24) = 11.40, MSB = 0.019, p < .003. Matches (528 ms) were responded to more quickly than nonmatches (634 ms), F(l, 24) = 43.86, MSB = 0.001, p < .0001. There was no Matching X Age interaction for median RT (p = .51; elderly match = 588 ms; elderly nonmatch = 705 ms; young match = 469 ms; young nonmatch = 564 ms). The number of errors was not affected by matching, F(l, 24) = 2.65, MSB = 6.096, p < .12 (match = 4.04, nonmatch = 5. affected by an Age X Matching interaction, F(l, 24) = MSE = 6.096, p = .17. Dementia analyses. Dementia affected RTs (median), with elderly controls responding faster (646 ms) than AD patients (1,151 ms), F(l, 23) = 21.09, MSE = 0.151, p < .0001. Matches (797 ms) were responded to faster than nonmatches (979 ms), F(l, 23) = 13.76, MSE = 0.031, p = .001. Although not significant, there was a tendency toward a significant Matching X Dementia interaction for median RT,F( 1,23) = 1.87,MS£ = 0.031,p = .18 (elderly match = 588 ms, elderly nonmatch = 705 ms; AD match = 1,024 ms, AD nonmatch = 1,277 ms). There was a marginally significant Matching X Dementia interaction for number of errors, F(l, 23) = 3.58, MSE = 200.591, p < .07. AD patients tended (p = .06) to make more errors to nonmatches (n = 31) than to matches (n = 14). Similarly, elderly controls tended (p = .08) to make more errors to nonmatches (n = 5.4) than to matches (n = 3.3).
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Analyses of Aging and Dementia: ERPs
Although the experiment was explicitly designed to affect later ERP components, visually presented words and pictures also elicit earlier ERP components (Nl and P2) that may be sensitive to our manipulations. These data are described in the Appendix.
Aging analyses: ERPs to primes (pictures). Normal aging did not affect N300 amplitude (p = .93; see Figure 1 and Table 2 ), but N300 had a flatter scalp distribution in the elderly controls than the young controls: age X A-P, F(2, 48) = 3.78, MSE = 6.409, p = .03. Perhaps due to a lack of power, age did not significantly affect N300 amplitude at frontal (p = .48; elderly, -3.1 ju,V; young, -4.1 fiV), central (p = .70; elderly, -2.4 jiV: young, -2.8 /j,V), or parietal sites (p = .21; elderly, -0.98 jiV; young, 0.17 /xV). N300 amplitude was also affected by an Age X Laterality interaction: F(2, 48) = 3.83, MSE = 1.497, p = .03, again reflecting a flatter distribution of N300 across the scalp in elderly controls. Also, perhaps due to a lack of power, age did not significantly affect N300 at left (p = .76; elderly, -1.6 /*V; young, -2.0 ,uV), midline (p = .68; elderly, -2.6 p.V; young, -3.1 jaV), or right sites (p = .64; elderly, -2.2 ju.V; young, -1.7 /u,V). N300 latency was also affected by an Age X A-P interaction, F(2, 48) = 10.07, MSB = 8,626.816, p = .0007, occurring later in young controls (395 ms) than in elderly (320 ms) controls at frontal sites (age: p = .03), and that tended to be later in elderly controls (403 ms) than in young (344 ms) controls at parietal sites (age: p = .058).
Dementia analyses: ERPs to primes (pictures).
Dementia did not affect N300 amplitude (p = .60; elderly, -2.2 /mV; AD, -2.6 juV) or latency (p = .54; elderly, 351 ms; AD, 339 ms), nor did dementia interact with the other variables.
Aging analyses: ERPs to targets (words). See Tables 3 and 4 for nonnormalized P300 and N400 values and Figures 2 and 3 for
ERPs from young and elderly controls. P300 was more positive to matches (4.1 ;aV) than nonmatches (2.6 ju,V), F(l, 24) = 10.51, MSB = 25.348, p = .003, and more positive in young than elderly controls, F(l, 24) = 4.52, MSB = 189.655, p = .04. P300 had a different scalp distribution in the two groups, which was confirmed in an analysis of the normalized data: Age X A-P, F(2,48) = 4.81, MSB = 0.376, p < .02, perhaps because the A-P effect appeared stronger in the young controls than in the elderly controls (p = .08). P300 to matches and nonmatches had different scalp distributions: For matches, frontal = 2.6 jxV, central = 4.4 /xV, parietal = 5.4 ju,V, left = 3.6 ju,V, midline = 4.2 /xV, right = 4.6 juV; for nonmatches, frontal = 1.6 jxV, central = 2.7 juV, parietal = 3.6 j«,V, left = 2.7 juV, midline = 2.7 /W, right = 2.5 juV. This was confirmed by analyses of the normalized data: Matching X Laterality, F(2, 48) = 16.52, MSB = 0.066, p = .001; Matching X A-P, F(2, 48) = 4.00, MSB = 0.174, p = .04. N400 (see Table 4 and Figures 2 and 3 ) was more negative to nonmatches (1.7 ju,V) than to matches (3.9 /nV), F(l, 24) = 18.02, MSB = 32.657, p < .0003. It was also more negative in elderly controls (1.5 /J.V) than young controls (4.1 jiV), F(l, 24) = 4.42, MSB = 180.005, p < .05, and more negative at frontal sites (2.0 V,V) than parietal sites (3.6 /xV), F(2, 48) = 11.47, MSB = 8.562, p = .0002. Independent of age, N400 to matches and nonmatches the N400 priming effect was affected by age: Age X Matching X A-P, F(2,48) = 13.85, MSE = 0.065, p < .0002. The Matching X A-P effect was significant in young controls (p = .05) and elderly controls (p < .0001). In the young controls, the effect of matching was significant at all scalp sites (all ps < .0001). In the elderly controls, the N400 priming effect was significant at central sites (p < .0001) and parietal sites (p < .0001), but not at frontal sites (p = .53). Because of the complex effects of scalp distribution, the N400 priming effect was assessed at each site in the elderly controls and was found to be significant at right and midline central and bilaterally at parietal sites (Cz, C4, P3, Pz, and P4). Tables 3  and 4 and Figures 3 and 4. ) P300 was more positive to matches (1.8 M-V ) t nan to nonmatches (1.00 jjiV), F(l, 24) = 4.82, MSE = 16.882, p = .04, and tended to be more positive for the elderly controls than the AD patients, F(l, 24) = 3.17, MSE = 55.954, p = .09. The Dementia X Matching X Laterality interaction was confirmed with normalized data, F(2, 48) = 3.40, MSE = 0.238, p = .05, although the Dementia X Matching interaction was not significant at left (p = .98), midline (p = .37), or right sites (p = .12) in the normalized data. As in the aging analyses, N400 was more negative to nonmatches (0.26 /xV) than matches (1.5 jxV), F(l, 24) = 8.28, MSB = 23.111, p = .008, but it was not significantly less negative in the AD patients than the elderly controls, F(l, 24) = 1.77, MSB = 92.608, p = .20. Analysis of the normalized data confirmed a Matching X A-P interaction, F(2, 48) = 21.09, MSB = 0.236, p < .0001; the N400 priming effect was largest at the parietal sites, an effect common to both groups (Dementia X Matching X AP; p = .84). Although there appeared to be a Dementia X Matching X Laterality interaction in the raw data, F(2, 48) = 4.80, MSB = 1.678,/? = .02, it was not quite confirmed by analysis of the normalized data (p = .06). The Matching X Note. AD = Alzheimer's disease; frontal = F3, Fz, F4; central = C3, Cz, C4; parietal = P3, Pz, P4; left = F3, C3, P3; midline = Fz, Cz, Pz; right = F4, C4, P4.
Dementia analyses: ERPs to targets (words). (See
Laterality interaction was significant for the elderly controls: F(2, 24) = 6.95, MSE = 0.141, p = .01, but not for the AD patients (p = .60). Because of the complex scalp distribution effects, N400 priming was assessed at each site in the AD patients and was significant only at right central (C4), F(l, 12) = 16.06, MSE = 0.134, p < .002; midline parietal (Pz), F(l, 12) = 8.59, MSE = 0.753, p = .01; and right parietal (P4), F(l, 12) = 7.63, MSE = 0.134, p < .02, sites.
Comparison of N400 and P300 to Words
To investigate the extent to which N400 and P300 are independent, we compared their scalp distributions (laterality and A-P) and their responsiveness to experimental manipulations (matching), two important criteria for defining ERP components (Donchin, Ritter, & McCallum, 1978) . After normalizing each component for each group separately, we assessed the differential effects of recording site and matching on N400 and P300 for each group separately.
P300 and N400 had different scalp distributions (Component X A-P interactions) in young controls, F(2, 24) = 8.25, MSE = 0.017, p = .009, and in elderly controls, F(2, 24) = 18.39, MSE = 0.109, p < .0004. There was a Matching X A-P effect in the elderly controls for N400 (p = .05) but not for P300 (p = .16). In the AD patients, P300 and N400 showed only a slight tendency to differ in scalp distribution: Component X Matching X A-P, F(2, 24) = 2.36, MSE = 0.081, p = .12. For N400 in the AD patients, there were significant Matching X A-P (p = .01) and Matching X A-P X Laterality (p = .05) interactions, but not for P300 (Matching X A-P, p = .26; Matching X Laterality, p = .74; Matching X A-P X Laterality, p = .37).
Analysis of Semantic Deficits in AD
Behavioral data. (See Table 5 and Figure 5 .) Median RTs to words that matched the pictures (1,178 ms) were faster than RTs to words that did not (1,378 ms), but only when preceded by 
90-
80-
70-
Match Nonmatch
Note. RT = reaction time. pictures that could be named correctly on pretest, F(l, 11) = 14.05, MSE = 48,139, p = .003. Pictures that could not be named correctly failed to provide the RT advantage for matching versus nonmatching targets (p < .61). This influence of naming ability on matching effects was revealed in a significant Knowledge X Matching interaction, F(l, 11) = 6.18, MSE = 35,803, p < .03. AD patients failed to name correctly an average of 18 pictures (range = 5-70) in pretesting with the picture-name confrontation task. Although a picture prime could not be named correctly in pretesting, during the easier picture-name verification task, correct responding was far above chance (80%), reflecting some spared knowledge about these items. For items that were named correctly in pretesting, accuracy during the picture-name verification task was higher (89%) but not significantly, F(l, 11) = 2.99, MSE = 0.027, p < .12, two-tailed (effect size = .50). Note that with 13 patients, our power to detect a significant difference (a = .05) with an effect size of 0.5 was 35% on the basis of a two-tailed test and 50% on the basis of a one-tailed test.
ERPs to picture primes. The N300 data were subjected to a three-way ANOVA for Knowledge X Laterality X A-P. N300 tended to be more negative to pictures that were not named correctly than to those that were named correctly, F(\, 12) = 3.95, MSE = 31.488, p = .07 (see Table 2 and Figure 6 .) N300 was maximal fronto-centrally (A-P), F(2, 24) = 47.33, MSE = 7.233, p = .0001 (frontal = -4.9 /uV; central = -4.1 /u,V; parietal = -0.90 jiV), and along the midline (laterally), F(2, 24) = 4.09, MS£ = 4.285, p = .03 (left = -3.0 /iiV; midline = -3.8 /u,V; right = -3.0 (LtV). N300 latency was not affected by knowledge (p = .64), nor did knowledge interact with laterality (p = .15) or A-P (p = .11) to affect N300 latency.
ERPs to word targets. (See Table 5 and Figures 7 and 8.) P300 amplitude was not affected by knowledge (p = .23; named correctly, 0.70 /xV; not named correctly, 1.5 /iV), but knowledge did affect the lateral distribution of P300: Knowledge X Laterality, F(2, 24) = 6.99, MSE = 2.031, p = .01. Knowledge tended to be associated with smaller P300s at left sites (p = .06; named correctly, 0.13 ;u,V; not named correctly, 1.5 /*V) but not at midline (p = .19; named correctly, 0.80 /xV; not named correctly, 1.8 /xV) or right sites (p = .75; named correctly, 1.2 jxV; not named correctly, 1.3 /J.V).
N400 amplitude was not affected by knowledge (p = .51), but knowledge did affect the lateral distribution of N400: Knowledge X Laterality, F(2, 24) = 6.76, MSE = 1.737, p = .01.
Although the effects of knowledge were not significant at any area, there was a tendency (p = .14) for knowledge to be associated with more negativity (less positivity) at the left, as shown for P300, above.
Most importantly, knowledge did not affect N400 priming (see Table 5 and Figures 7, 8, and 9) . That is, the effect of matching on N400 was similar whether the words were primed by pictures that had or had not been named correctly: Matching X Knowledge, F(l, 12) = 0.132, MSE = 90.831, p = .72. As can be seen in Figures 7 and 8 , the effect appears slightly larger for words associated with the items that were not named correctly (effect size = .45) than for words that were named correctly (effect size = .28).
Knowledge did not affect the A-P scalp distribution of the N400 (Knowledge X A-P), F(2, 48) = 2.4, MSE = 8.894, p = .14; but did affect the lateralized distribution (Knowledge X Laterality), F(2, 48) = 6.76, MSE = 1.737, p = .01; with more negative N400s elicited by targets following known than not-known primes at left (named correctly, 0.22 /u.V; not named correctly, 1.2 /xV) and midline (named correctly, 0.61 /xV; not named correctly, 0.90 /xV) sites, with the opposite effect at right recording sites (named correctly, 0.83 /aV; not named correctly, 0.69 Named Correctly Not Named Correctly 
Discussion
This study provides evidence of preserved knowledge in spite of anomia in AD patients. Pictures that could and could not be named correctly showed comparable priming of N400 cortical responses to words that named those pictures. That is, semantic knowledge about items that could not be named correctly was available and adequate to differentially prime responses to words that matched or did not match the item. Further evidence for spared knowledge is the similarity of N400 scalp distribution (predominantly parietal) associated with both classes of pictures.
There was also some behavioral evidence of preserved knowledge. In the picture-name verification task, AD patients made correct matching judgments for about 80% of the target words following pictures that they had not been able to name correctly in a confrontation-naming pretest a week earlier. Matching a word to a picture is a more indirect test of knowledge than generating a name when confronted with a picture. Indeed, indirect tests are sensitive to preserved knowledge that might appear to be lost when using more direct tests (Fleischman et al., 1995; Ober & Shenaut, 1995; Schacter et al., 1993) . In addition, there was some opportunity for patients to be "reminded" of the correct name for a picture during the picture-name verification task in which each picture was seen four times, twice with its correct name. Nevertheless, RT showed no evidence of spared knowledge. The RT advantage shown by matches being processed faster than nonmatches was absent following pictures that could not be named correctly. This divergence of RT and N400 effects is consistent with other reports of dissociations between N400 and behavioral data (Holcomb & Kounios, 1990; Holcomb & McPherson, 1994; Kutas, Hillyard, & Gazzaniga, 1988; Pratarelli, 1994) .
For our analysis, items were classified as named correctly or not named correctly on the basis of a single naming test a week earlier. . Grand average of event-related brain potentials (ERPs) to word targets that matched or did not match the picture primes that were not named correctly by Alzheimer's disease patients. These ERPs are based on fewer trials than those to picture primes that were named correctly, which accounts for their noisier appearance. VEOG = vertical electrooculogram (EOG); HEOG = horizontal EOG.
A failure to name a picture correctly could represent temporary inaccessibility of the name rather than a persistent and specific degradation of semantic knowledge. We have some evidence, however, to support the reliability of the apparent loss of knowledge. We tested a different sample of AD patients, drawn from the same clinical program, on a confrontation-naming task twice on the same day. Over 93% of the pictures named correctly on the first test were named correctly again an hour later. Less than 30% of the pictures named incorrectly on the first test were named correctly later, consistent with an earlier report (Chertkow, Bub, & Seidenberg, 1989) . Although these numbers suggest that anomia is relatively specific and consistent, they also suggest that to some extent knowledge is not lost but just inaccessible. Errors during pretesting suggest that anomia was not due to perceptual confusion or failures (indeed, "not seen" pictures were excluded from this analysis) but rather to degraded semantic knowledge. For example, when unable to name an item (e.g., "hammer"), AD patients would give within-category ("saw") or superordinate substitutions ("tool"), or they would indicate the function that the item served ("pound").
Pictures that could not be named correctly showed a slight tendency to elicit a more negative N300 than pictures that could be named correctly, perhaps reflecting somewhat degraded knowledge about those pictures. Other researchers (Holcomb & McPherson, 1994) have shown that pictures of nonreal items (Kroll & Potter, 1984 ) elicited a more negative N300 than real items (Snodgrass & Vanderwart, 1980) . Although the more negative N300 elicited by pictures that could not be named correctly suggests that knowledge about these items may have been degraded, enough knowledge remained to prime the targets. The delayed N300 latency seen in the young controls is counter to the literaturereported delays in the late ERP components (e.g., Ford et al, 1996) and raises the possibility that N300 in young controls reflects different processes than in elderly controls and AD patients.
As expected, in both young and elderly controls, and in AD patients, words that did not match pictures had more negative N400s than words that did match pictures. However, this N400 priming effect was small, perhaps because all nonmatches were within category. If a picture of a swan had been followed by the word table, the N400 priming effect would have been considerably Correctly Named Not Correctly Named Figure 9 . Mean N400 amplitudes to word targets that matched or did not match picture primes that were or were not named correctly by Alzheimer's disease patients. Error bars represent standard errors of the mean. larger than when followed by the word duck (Kutas & Hillyard, 1984) . Although small, the N400 priming effect had the expected scalp distribution in both young and elderly controls to printed words with N400 being larger over the right than the left hemisphere (Kutas & Hillyard, 1982; Kutas, Van Petten, & Besson, 1988) .
Both aging and dementia affected the scalp distribution of the N400 priming effect. Aging affected its A-P distribution with reduced N400 priming at frontal sites in the elderly, and dementia affected its left-right distribution, with the N400 priming effect becoming less right lateralized and more centralized. Although inferences about differences in specific neural generators cannot be made from differences in scalp distributions of ERP components, the age-and dementia-related scalp distribution differences suggest more generally that different neural processes were associated with picture-name verification task performance in the two groups. It is important to note that the dementia-related difference in scalp distribution probably does not reflect differences in knowledge about the items; N400 scalp distributions were not affected by whether or not words followed items that could be named correctly. Different scalp distributions might result from using different neural structures to perform the task, perhaps due to strategical differences or to inaccessible or compromised neural structures (Rosier, Heil, & Hennighausen, 1995) . The reduction in frontal N400 with age may be related to a more general lack of frontal negativity reported by us and others, possibly reflecting reductions in frontal lobe volume with age (Friedman, Kazmerski, & Fabiani, 1997; Pfefferbaum, Ford, Roth, & Kopell, 1980; Pfefferbaum, Ford, Wenegrat, Roth, & Kopell, 1984) .
On the basis of our earlier findings (Ford et al., 1996) and those of others (Connolly et al., 1995) , we expected more negative N400s to words following pictures that could not be named correctly, regardless of whether or not the word matched the picture. In our current study, this effect was not significant, however, and it suggests that the larger N400 we saw in the previous study may have been due to a general effect of uncertainty and not to specific semantic memory failures.
Because the task used in this experiment elicits late positivities (e.g., P300), we considered the contribution of this positivity to N400 effects by comparing the effects of the variables on normalized values for both components. N400 and P300 were generally dissociable in terms of scalp distributions and experimental effects, criteria used in previous investigations of ERP reflections of semantic processes (Bentin, 1987; Bentin et al., 1985; Friedman, Putnam, et al., 1992; Rugg, 1984) . Generally, the N400 priming effect was largest at right scalp sites, and P300 was largest at parietal sites. In addition, particularly in AD patients, the P300 did not reflect picture priming whereas N400 did.
Although the dissociation of effects together with prior demonstrations that N400 and P300 are independent increased our confidence that the N400 and P300 measured in this study reflect different processes, it is possible that there are interactions between them. The full decomposing of such interactions awaits the application of more sophisticated multilead analysis than was used in this study.
Thus, the N400 component measured in this study reflects semantic processing of stimuli, perhaps the participant's attempt to understand the word and integrate it into the context set up by the picture. Our data suggest that ERPs add new information to determining the fate of semantic memories in AD, indicating that knowledge that is inaccessible in confrontational naming is intact enough to prime cortical responses. This finding was supported by the behavioral evidence that accuracy in the picture-name verification task was well above chance, even for pictures that could not be named correctly.
